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We, Stand ABD Teubphones akd. Cables 
Limited, a British Company, of Con- 
naught House, 63. Aldwyeh, London. 
W.C.2, England, Assignees of Calvin 

5 SouTHEK Fuller, do hereby, declare the 
nature of this invention and in what 
manner the same is to be performed, to 
be particularly described and ascertained 
in and by the following statement : — 

10 This invention relates to improvements 
in the coating of electrical conductors 
insulated with linear potyamides. 

Linear polyamides have been hereto- 
fore disclosed, for instance, in British 

15 Specifications 461,236 and 461,237. Such 
polyamides are produced by condensation 
of suitable bifonctional amide-forming 
reactanta which will react to. form linear 
molecules. Thus, such a. polyamide may 

20 be formed by condensinig a. single mono- 
carboxylic monoamino acid, by condens-- 
ing two or more of such acida in the 
desired proportions, by condensing one 
or more dicarboxylic acids^ and one- or 

25 more diamines in the proper proportions, 
or by condensing equivalents of such sub- 
stances. The reaction is carried out 
under conditions such, that linear- mole- 
cules of high molecular weight are 

30 obtained. 

These linear polyamides may be of 
different degrees of crystallinity, ranging 
from polyamides which are substantially 
amorphous or non-crystaDine- at room 

35 temperatures to those which are substan* 
tially crystalline at such temperatures. 
The degree of crystallinity depends upon- 
the nature of the*^ chemical repeatmg unit 
or units making, up the linear molecules-. 

40 of the polyamide. Such polyamides may 
be classified as substantially crystalline 
polyamides, i.e. thc^ which are pre- 
dominantly crystalline at room tempera.-- 
tures and have fairly definite melting 

45 points substantially above room tempera- 
tures ; and. substantially non-crystalline 
polvamides, Le.-. those which *are pre- 
dominantly or entirely amorphous at 
room temperatures. Linear polyamides 

50 which are substantially crystalline afr 
room temperatures and which have fairly 
de&)ite melting points, substantially 
[Price U.] 



above room temperatures have properties 
such as toughness, flexibility and tensile 
strength rendering them usefoi for 55 
various purposes. It has, for example, 
been proposed to form such polyamides 
into filaments useful for textiles or other 
purposes, and to employ such polyamides 
in. the formation of films or coatings. In 60 
general, the desirable propeirties of such 
crystalHne linear polyamides are associ- 
ated with fairly high molecular weights 
and particularly with molecular weights 
high enough to permit cold- drawing of 65 
thepoh'amides. 

Wheifi initially solidified, such a 
crystalline linear polyamide appears to 
consist of haphazardly disposed micro- 
ciystals associated with amorphous- 70 
material of the same chemical composi- 
tion which serves as a matrix and lends 
totihness and flesibilily to the poly- 
amide. When such a polyamide is cold- 
drawn or linearly stressed at room or even 75 
at somewhat elevated temperatures the 
crystals and molecules become oriented 
in the direction of stress, as a result of 
which the strength, toughness and 
elasticity of the polyamide in the direc- 80 
tion of stress are improved; 

Such crystalline linear polyamides are, 
however, readily fusible and when heated 
above their melting points soften or melt, 
becoming deformable and losing their 85 
desirable properties, such as strength emd 
toughness. Moreover, since the melting 
points of such crystalline polyamides are 
often relatively low. in comparison to tem- 
.pQratures to which it may be desirable to 90 
sul^fct them in use, the disadvantage 
ooeura that they cannot be employed 
under conditions where they are subjected 
to more than moderate temperatures, or 
else the polyamides will either melt, or 95 
soften and deform. 

If such crystalline linear polyamides 
are aged by being heated below their 
melting points, particularly for prolonged 
periods, they become brittle and lose their 100 
elasticity and flexibility. Often, indeed, 
such embrittlement and* loss of ehisticity 
and flexibility arise upon mere agjng of the 
material at" ordinary temperatures, par- 
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ticularly in sunlight. These, undesirable 
effects apparently are caused by crystal 
growth, particularly under the ' influence 
of heat, into the amorphous regions of the 
o polyamide etnictin^ so that eventually 
the solid polyamide becomes substantially 
entirely crystalline in structure and con- 
tains practically no amorphous material 
which can lend toughness and flexdbilitv 

10 to the material. 

Specification 503,376 claims an elec- 
trical conductor provided with insulation 
comprising one or more synthetic Ihiear 
condensation polyamides in oriented or 

15 unoriented form. For example, such 
polj^mides may be employed as films or 
coatings for conductors or as impregnants 
for textile or paper insulation on conduc- 
tors. However, the above-mentioned 

20 tendencies toward embrittlement and 
reduction of flexibility of such polyamides 
on heating or, laging provide considerable 
disadvantages when the polyamides are 
employed in electrical insulation, since 

25 such tendencies cause such polyamides to 
crack and lose adhesion to their support- 
ing means, such as the wire, with a resul- 
tant peeling and loss of moisture-proofing 
and insulating properties. The fusibility 

30 of such materials may also be disadvan- 
tageous when they are employed in elec- 
trical insulation, since heating of a con- 
ductor during use may melt or cause de- 
formation of the insiilating polyamide to 

35 such a degree that it faUs to perform its 
protective insulating function. 

Linear polyamides . which are substan- 
tially non-crystalline in jiature or which 
have a low degree of crystallinity may be 

40 liquids or solids of the "nature of glasses, 
at room temperatures. In general, the 
liquids heretofore have been fomid to 
solidify only with difficulty, if at all, 
and hence have been heretofore -found to 

45 be of little or no use. The more solid 
polyamides of low crystallinity are 
usually brittle glasses, or tend to biecome 
brittle or aging at ordinary or elevated 
temperatures, wherefore their uses have 

50 been limited. Such polyamides all soften 
and eventually liquefy as their tempera- 
tures are raised. The temperatmres at 
which such polyamides liquefy or harm- 
fully soften frequently are not" high. The 

55 uses to which such substantiafiy non- 
crystalline polyamides may be put are 
therefore limited by these factors. 

Such difficulties heretofore encountered 
with polyamides are overcome by the 

60 present invention. 

According to one feature of the 
invention we provide au electrical con- 
ductor having an insulating coating that 
is tough, flexible and substantially 

65 infusible and consists of a linear poly- 



amide of intrinsic viscosity at least O.I 
that has been heated in the presence of 
oxygen to a temperature above its melt- 
ing point and lying between 125' C. and 
450' C. (preferably between 250' and 70 
450"^ C) for a time sufficient to change its 
colour at least to a pronounced yellow but 
not sufficient to change its colour deeper 
than a reddish brown. 

According to another feature of the 75 
invention a process of treating an elec- 
trical conductor comprises coating the 
said conductor with a linear polyamide of 
such molecular weight that its intrinsic 
viscosity is at least 0.1 and afterwards 80 
heating the coated conductor to a tempera- 
ture between 125- C. and 450"* C. in the 
presence of oxygen for a time sufficient . 
to change the colour of the polyamide at 
least to a pronounced yellow but not suffi- 85 
eient to change its colour deeper than a 
reddish brown and thereby converting the 
polyamide into a tough, flexible subst«n- 
tiaflj^ infusible material. 

In the practice of the invention the 90 
time of heating is a matter of a few 
minutes at the most. In most cases, par- 
ticularly in the heat-oxygen treatments of 
substantially cr\^stalline polyamides in 
which relatively*^ high temperatures are 95 
employed, the time during which the 
polyamide is subjected to the maximum 
heat is in the neighbourhood of one 
minute or less. 

A measure of the intensity of the heat- 100 
oxygen treatment to which the polyamide 
is subjected according to the present in- 
vention is alforded by the colour of the 
treated polyamide. As the polyamide is 
subjected to treatment of increasing 105 
intensity, its colour changes to yellow, 
then to brown, then to red-brown, then to 
dark red, and finally to black. In the 
case of a polyamide which is originally 
whit« or light coloured, the structure of 110 
the polyamide is not changed sufficientlv 
to provide improved characteristics 
according to the invention unless the 
polyamide has been subjected to a heat- 
oxygen treatment of sufficient intensity to 115 
change its colour to a pronounced yefiow. 
It is still more advantageous from the 
standpoint of desirable properties to sub- 
ject the polyamide to a heat-oxygen treat- 
ment until its colour is brown to reddish- 120 
brown. A black colour indicates that the 
polymer has been overtreated and that 
harmful decomposition has occurred. 

Exposure of an insulating coating on a 
conductor, of a substantially crvstalline 125 
linear polyamide, to heat in the presence 
of oxygen according to the present inven- 
tion results in an increase in the tough- 
ness and flexibility of the polymer and 
increased resistance to, if not entire 130 
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elimination of, the tendency to biscome 
brittle and inflexible upon aging at 
ordinary' temperatures or upon prolonged 
heating below the melting point. By 

5 such treatment, moreovBr, the material 
may be rendered substantially, if not 
entirely, infusible and insoluble, at least 
in ordinary solvents. The adherence of 
the polyamide to its supporting surface is 

10 also greatly improved. By heat-oxygen 
treatment according to the present inven- 
tion it also possible to obtain from sub- 
stantially non- crystalline linear poly- 
amides or linear polyamides of a low 

15 degree of crystallinity flexible, tough, 
rubber-like fiima or coatings. Such 
rubber-like materials are . substantially 
infusible and insoluble. The improved 
coating material of the present invention, 

20 is highly flexible, tough, abrasion resis- 
tant, does not tend to become brittle or 
inflexible upon aging or heating, is sub- 
stantially infusible and hence not deform- 
able when exposed to heat, and has 

25 extremely good adhesion to the conductor 
covered with it. 

The heat-oxygen treatment of linear 
polyamides is advantageously performed 
by subjecting a suitable polyamide to heat 

30 of suitable intensity and to gaseous 
oxygen while the polyamide is in the 
liquid state and in a mass of thin cross- 
section. The gaseous oxygen may advan- 
tageously be that of the air, and the ]poly- 

35 amide may be in the liquid state either 
because it is at a temperature above its 
melting point or because it is dissolved or 
because of a combination of these factors. 
According to another feature of the in- 

40 vention a process of coating an electrical 
conductor with insulating material com- 
prises covering the said conductor with a 
thin coating of a Hquefled linear poly- 
amide of such molecular weight that its 

45 intrinsic viscosity is at least 0.1 and 
immediately thereafter passing the coated 
conductor through an oven in which it is 
heated in air to a temperature between 
125° C. and 450° C, the time of passage 

50 being sufficient to change the colour of the 
said coating to a pronounced yellow but 
not sufficient to change its colour deeper 
than a reddish brown, thereby converting 
the polyamide into a tough, flexible sub- 

55 stantially infusible material. 

In the case of a polyamide which is a 
substantially crystalline solid at roonr 
temperatures, the temperature to which 
the polyamide is heated during the heat- 

60 oxygen treatment is above the melting 
point of the polyamide. Advantageously, 
it is considerably higher than the melting 
point. While the temperature of heating 
of such a substantially cryBtalline poly- 

65 amide is determined by- the niielting point 



and structure of the polyamide, the tem- 
peratures employed in the practice of the 
invention lie between 250° C. and 450° 
C, being in each case above the melting 
point of the polyamide being heated. 70 
From the standpoint of the desirable 
results obtained, it is particularly advan- 
tageous to employ temperatures lying 
between 325° C. and 450° C. 

If the polyamide is of the non-crystal- 76 
line type, i.e. is originally liquid or 
plastic at room temperatures, the heat 
should be of such intensity that the poly- 
amide is transformed into a tough, 
rubber-like mass which is substantially 80 
infusible and insoluble. In this case, too, 
the intensity of the heat to which the 
polyamides should be subjected is depen- 
dent upon the structure of the polyamide, 
and in the practice of- the present inven- 85 
tion such polyamides are heated to tem- 
peratures lying between 125° C. and 450° 
C. until the desired structural changes 
occur. 

A sufficient amount of oxygen, in 00 
general an excess, is employed to provide 
the desired changes in the structure of the 
polyamide at the heat intensity employed. 
When the polyamide is dissolved in a sol- 
vent and exposed to heat and the oxygen 95 
of the air, the solvent is evaporated by 
the heat and dilutes the oxygen in the 
air. In such a case sufficient air must 
be supplied to ensure an ample supply of 
oxygen for the reaction,, particularly if 100 
the polyamide is heated in an enclosure, 
such as an oven. Usually at least one per 
cent, by volume of the atmosphere sur- 
rounding the polyamide should be oxygen 
for satisfactory results. 105 

The most desirable results are obtained, 
according to the present invention, when 
the linear polyamides which are subjected 
to the heat-oxygen treatment have mole- 
cules which are of fairly high average 110 
molecular weights. The molecular 
weight of a polvamide may be expressed 
as a function of the intrinsic viscosity of 
the polymer, and it is necessary that the 
polyamides treated according to present 115 
invention have an intrinsic viscosity in a 
suitable solvent, such as TTt-cresol, of at 
least 0.1. The intrinsic viscosity may be 
determined from the formula : 

logeV 

yj„ 120 

C 

where V is the viscosity of a feirly dilute 
solution of the polyamide divided by the 
viscosity of the solvent in the same xmits 
and at the same temperature, and 0 is the 
concentration in grams of the polyamide 125 
per 100 cc. of the solution. Even better 
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results are obtained if the intrinsic vis- 
cosity of the material is above 0.4. In 
crystalline linear polyamides an intrinsic 
viscosity of this magnitude indicates a 
5 molecular weight at about which cold 
drawing begins to be possible. 

The present invention relates to coating 
an electrical conductor with heat-oxygen 
treated saturated linear polyamides, i.e. 

10 those substantially free of non-benzenoid 
unsaturation. The linear molecules of 
such saturated polyamides maj' be of 
various forms. Thus, they "may be 
straight aliphatic chains or contain side 

Id chain substituents connected to either of, 
or to both, the carbon and the nitrogen 
atoms. Such substituted polj'amides, in 
general, are less crystalline than the tm- 
substituted polyamides. The linear mole- 

20 eulea may contain in their chains hetero 
atoms, such as oxygen or sulfur atoms, 
with or without substituting groups. It 
is, hov/ever, advantageous to employ 
straight aliphatic chain polyamides since 

25 the improved polyamides of the present 
invention produced therefrom are of 
exceptional toughness, iSexibility and 
aging resistance. 

In forming an improved polyamide 

30. coating of the type contemplated by the 
invention by exposure to heat and gaseous 
oxygen of a liquified suitable linear poly- 
amide coating, the thickness of the body 
of the polyamide thus exposed is impor- 

35 tant. In general, a thickness of not over 
about 1.64 of an inch should be employed 
and advantageous results are provided 
when the thickness is on the order of one 
mil or less. 

40 The thickness of the body of the poly- 
amide exposed to heat and oxygen is 
limited. Under the influence of the heat 
oxygen molecules penetrate the surface of 
the mass of the polyamide and cause 

45" changes in the molecular structure 
thereof. The portions of the polyamide 
nearest the surface are first affected and 
converted and subsequent oxygen mole- 
cules must penetrate such converted por- 

50. tions to Tesbch the more inner portions. If 
the thickness of the body is too great, the 
oxygen molecules cannot penetrate into 
the iimermost portions to completely treat 
the mass of: the polyamide within a 

55 reasonable time and without decomposi- 
tion of the outermost surfaces. 

The desirable properties of linear poly- 
amides which have been treated according 
to the present invention are due to the fact 

60 that the heat-oxygen treatment causes 
cross-linkages to occur between adjacent 
long-chain molecules thereof. It appears 
that most, if not all, of the cross-linkages 
.''• .are in the vincinity of the amide linkages 

65 of the molecules; that is, it appeai-s 



that in each of several amide linkages 
in a molecule either a nitrogen atom or a 
carbon atom adjacent thereto is linked to 
a nitrogen atom or to a carbon atom adja- 
cent to a nitrogen atom in an adjacent 70 
long-chain molecule. The linkages are 
not amide linkages and contain no carbon 
atoms other than those in the linear mole- 
cules. The linkages are probably direct, 
but may be through oxygen. The long- 75 
chain molecules are thus connected 
together by cross-linkages to form a com- 
plex network, the number of such linkages 
being determined by the nature and 
intensity of the heat-oxygen treatment to 80 
which the material was exposed. 

Since the molecules are thus intercon- 
nected, the material is substantially 
infusible and insoluble. For example, 
such a polyamide which was initiall}* 85 
crystalline before treatment and which 
subsequent to treatment is still crystal- 
line is opaque at room temperatiues 
because of its crj-stallinity. As the tem- 
perature of the heat-oxygen treated poly- 90 
amide is raised, no change occurs until a 
certain temperature is attained at which 
the polyamide becomes transparent. 
Upon subsequent cooling, it again 
becomes opaque. The "change from 95 
opacity to transparency on heating occurs 
because the polyamide is no longer 
cr^st^illine at the elevated temperature. 
Further heating of the polyamide in its 
transparent st^te does not cause it to 100 
melt or flow: indeed, if the heating is 
sufficiently intense, the polyamide will 
decompose without melting. An initially 
substantialh' non- crystalline polyamide 
which is converted according to the pre- 105 
sent invention into a tough, elastic mass 
will not melt upon being heated but if 
heated to a sufficient temperature will also 
decompose without melting. 

Linear cross-Jinked polyamides are sub*. 110 
stantially insoluble in all common sol-, 
vents. That is, although upon exposure 
to a solvent certain materials may in some 
cases be extracted from the pol3ramides, 
the mass of the polj'amide is largely, if 115 
not entirely, unaffected, since the cross- 
linking of the molecules thereof prevents 
the disintegration into molecules- nece^- 
sary for a true solution. 

A polyamide which, prior to treatment 120 
according to the present mvention, is 
substantially crystalline at room tempera-, 
tures still is largely crystalline after heat- 
oxygen treatment and,* therefore, has the 
strength associated with the presence of 125 
crystallised linear molecules. The 
crystals, however, are small and are con- 
tained in a matrix of amorphous material, 
and the cross-linkages between the mole- 
cules tend to keep such crystals smaU. 103 
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Even prolonged heating of the kind which 
with oi^inary crystallijie linear pply- 
aqiidea cti^jises embrittlement does not 
cause the crystals of the improved poly- 
5 amide of the invention to incrcsiEwse in size 
and cause e^brittlement, with a conse- 
quent loss of flesibiiity and toughness of 
the poljrai&id§. The resistance to aging 
at ordinary temperatures is even more 
10 pronounced. When a crystalline poly- 
amide is employed as a coating the cros^- 
iinMng causes it to adhere tenaciously to 
its supporting material and even pro- 
longed heating does not appreciably 
10 decrease such tenacity. 

An initially substantially noQ-crystal- 
line poiyamide, or tme of a low degree of 
crystallmity, which has been heat^xjrgsn 
treated according to the present inverts 
20 tion is converted into a tough, mbber ^-llKe 
ijaass which is generally non-cryBtalline 
ateo. This apparently occurs because the 
cross-Mnkages between long-chain mole;- 
cules cause gelation of the poljramide. 
2i5 Such improvied polya?9iides may hftve 
some crystals therein, depending upon the 
tendency of the material to <}rystaUse 
prior to treatment according to the inven- 
tiwi. Such material also has good W3is- 
30 tance to aging at both ordfiiary and 
elevated . temperatures and, when 
employed as a coating or impreg^gfit, ha^ 
good adherence to its supportmg subt- 
stance. 

35 During th? hj&ating and exposure to 
oxygeii according to tjie present inveij- 
tion, some decompostion of the poly- 
amide occurs with, a resultant tendenoy to 
shorten the molecular chakig. In a euit- 

40 able linear poiyamide suitably treated 
acoorcjing t-o the invention, this tfindency 
is offset by or is relatively minor in com- 
pqjjspn to the tendency of the molecules 
to increase in mplepular weight due to 

45 building up of the molecules by cross- 
linking. The intensity of the ieat- 
pxygen treatn^ent, therefore, should be 
such that the cross-linking action is 
favoured but should uot he so great that 

50 harmfial d^cwnposition occurs. Yet, as 
has been indicated, a heats-ox^n treat- 
ment of considerable iptepsity is- required 
to cause the cross-linking to occur, since 
the invention relates to more than a mere 

55 drying of the poiyamide. 

The poiyamide should be in the liquid 
state while being treated in order to 
faciaitate the cross.-linking of the mole- 
cules which would otherwise be impeded 

60 if, for example, the poiyamide contained 

crystals. .,.,.x_ 
Because of its toughness, flexibility, 
aging resistance, abrasion resistg-jice and 
bei^use of the tenacity with which it 
6p adfew^s to a. m&tepal tp which it has be^n 



applied be&re being heat.-o:^gen treated, 
and its good electrical insulation 
properties, such poljaneric ini!3u]b?.idng 
material is parti^ul^ly advantageous. 
Thus, a ban& metal ccmduotor, such as 70 
wire; may be coated with a suijbable lil^ear 
poiyamide according to a suitable convenr 
tional procedure for coating wires ftjid 
then be advantageously esfposed to the 
desired temperature and to oxygen, pre- 75 
ferably before the polymer has had an 
opportunity to sbljdi^* A conidnupus pro- 
cess may be very advantageously -pTStoHBed 
according to which the cendnctor, sugh as 
lyire, is continuously xsoat^ with a liq^ui- 80 
fled polymer after which it is continuously 
passed into a suitable heating oven which 
heats it in air. i3ne or more coatings ma^ 
be readily applied to a wire in this 
manner. High speeds of coating jgiay be B5 
obtained with resultant economies in 
p^anufieictuie. 

The prepaxatio?! of linear polyamides 
of suitable molecular weight* to be applied 
as coa(5Pgs for electrical conductors and 90 
for subsequent treatment accordmg to the 
present Invention , may be accpmpliehed in 
any suitable manner. If the polymers are 
prepared by condensation of a diamine and 
dicarboxylic acid, or by conden^atipn pf P5 
two other biftmctional reactants having 
different reactive groups at. the ends, of the 
molecules, equimoleciuar or substantially 
pquixnolecular proportions should he em.- 
plbyed to obiain. long^chain mpfepulee. 100 
When the polymer 78 prepared by com 
densatioh of two or more amiiio. acids or 
the like, any proportions may be emplb^ed> 
The reactanta are ordinarily heated in a 
suitable container, such as a glass reaction 105 
vessel, under conditions suph that the_ con? 
densation is promoted. For. example, 
reufioyal of water, vapour or other con.- 
densation by-producfes to promote the con- 
densation may be accomplished by cpn- 110 
tinuously bubblipg a dry oxygen^free gas, 
such as nitrogen or hydrogen, through the 
reaction mixture with or without applica* 
cation of reduced pressure. Alternatively, 
the water vapour, may be removed by 115 
agitating the mixture at a . reduced 
pressure so as to produce a greatly exi. 
tended surfece from which the condensat- 
tion product^ can be removed. These or 
other expedients are required iii of der to ISO 
attain molecular weights, of: the poiyamide 
of the desired magnitude withiii a reasqn- 
ahlp time. The presence of oxygen in the 
initial polymer-forming. 8tag§ is, undesir- 
able since it will* prevent attainment of 186 
the desired molecular weighty. When the 
substance has reached the desired mole* 
cular weight, . as is evidenced by a ch^cjt 
of its intrinsic viscosily Or by other means, 
it may be employed for forming filpas §uch 130 



6 



557,875 



as coatings or the like, which may be sub- 
sequently treated according to the present 
invention. 

In each of the following examples the 
5 polyamide is heated for a time sufficient 
to change its colour to a pronounced yellow 
but not sufficient to change its coloiu: 
deeper than a reddish brown and is thereby 
converted into a tough, flexible sulj^an- 

10 tially infusible material 

Example 1. 
Equimolecuiar proportions of hexa- 
methylene diamine and adipic acid were 
heated together in a g^ss reaction vessel 

15 in the absence of oxygen to a temperature 
• of approximately 270'' C. for about 16 
hours. A stream of 03^gen-fre6 hydrogen 
gas was passed through the molten mix- 
ture during the hesMng to remove the 

20 watCT vapour formed. At the end of the 
heating the polyhexamethylene ad^amide 
had an intrmsic viscosity in m-oresol of 
approximately 0.8. When solidified, the 
material was a cream-coloured, micro- 

25 crystalline solid melting at approximately 
260"* C. About 15 grams of this material 
were dissolved in 100 co. of oresol to pro- 
vide a mobile solution of the polyamide 
suitable for application to copper wire. By 

30 means of the applicator of a horizontal 
wire enamelling Machine, operating on 
conventional principles, a coating of the 
polyamide was applied to No. 30AWG 
copper wire. The wire was passed con- 

35 tinuously through the applicator and then 
through an electrically heated oven ap- 
proximately 6 feet long at a rate of about 
30 feet per minute, the oven being heated 
to a temperature of about 400^ C. A coat- 

40 ing of approximately 0.3 mil average 
thickness was obtained in 4 passes of the 
wire through the apparatus. An ample 
supply of o^gen was provided by a forced 
draught of air through the oven at about 

45 6 cubic feet per hour. 

The coated wire had a cherry red colour 
and was extremely tough and abrasion 
resistant. The coating was crystalline and 
sufficiently flexible to permit the wire to 

50 be bent around a mandrel of its own 
diameter without cracking, indicating that 
it had an elongation of at least 50 per cent. 
The hardness and abrasion resistance of 
the coated wire were compared with those 

65 of a standard sample of No. 30 AWG 
varnish enamel wire and were found to be 
greatly superior. 

When under the same operating con- 
ditions air was excluded &om the oven 

60 and nitrogen gas was passed therethrough, 
a coated wire was obtained the coating of 
which was colourless, very brittle, and 
very poorly adherent to the wire. 

Example 2. 

65 In this example polj^hexamethylene 



adipamide, prepared according to the pro- 
cedure outlined in example 1, of an in- 
trinsic viscosity in cresol of 0.9 was dis- 
solved in cresol to form a 20 per cent, solu- 
tion. The solution wa« dOuted with 13 70 
per cent, by weight of high-flash naphtha. 
The resulting solution was employed in 
the apparatus of the type outlined in 
example 1 to coat No. 30 AWG copper 
wire. The wire speed was 40.8 feet per 75 
minute and the oven temperature was 
330'' C, a coating of 0.65 mil thickness 
being obtained in 5 passes. The coating 
of the completed wire was of light brown 
colour, showed greater than 50 per cent. 80 
elongation and had a static breakdown of 
2770 vdts per mil (RMS). The abrasion 
resistance of the wire was tested by means 
of a sapphire having an edge of 3 mil 
radius of curvature which was pressed with 85 
increasing force against the coated wire as 
it was drawn past the edge, untU the edge 
of the sapphire pierced the coating. The 
scraper value" of the coated wire or 
pressure to cause failure of the coating was 90 
385 grams per mil of coating thickness, 
while well baked varnish enamel wire of 
the same gauge and thickness has a scraper 
value of only 200 to 250 grams per mil. 
The heat-oxy^n treated polyamide coat^ 95 
ing on the wire was crystall&e. It was 
very tough and showed great adherence to 
the wire. The excellent ageing charac- 
teristics of the coating were shown by the 
fibct that afiier behig heated in air at 120*' 100 
for 12 days the coatuij; still had more than 
50 per cent, elongation, while well pro- 
cessed Tarnished enamel wire drops &om 
its initiaJly low 35 per cent, elongation to 
less than 16 per cent, elongation in the 105 
same time under the same conditions. 

IgXAMPT.Tii 3. 

fiexamethylene diamine and sebacic 
acid in substantially equimolecuiar pro- 
portions were heated together in a gtoss 110 
reaction vessel at about 250** C. for 
approximately 16 hours, oxygen-fitee 
hydrogen being bubbled through the mass 
during the reaction to remove the water 
vapour formed. At the end of this time 115 
the material had a suffidentiy h^h mole- 
cular weight to permit the molten mass 
to be formed into threads which could be 
cold drawn into oriented fibres. When the 
mass, polyhexamethylene sebacamide, was 120 
solidified after heating, it was a white, 
micro crystalline solid having a melting 
point of approximately 210** C. A sdu- 
tion of this compound was made by dis- 
solving 40 grams in cresol and diluting 125 
the resulting solution with an equal 
volume of high-fiash naphtha. The solu- 
tion was employed to coat No. 40 AWG 
copper wire Sy means of the horizontal 
enamelling machine described in example 130 
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1. The wire was coutinuously passed 
through the a|>plicator and oven at about 
71 feet per mmute, the oven temperature 
being 250** C- and a forced draught of air 
5 of about 6 cubic feet per hour being passed 
through the oven. In 4 passes of the wire 
through the apparatus, the diameter of the 
wire was increased by Idie coating by 0.3 
mil. The Unshed coating ffim. was 

10 crystalline in character. The coated wire 
was tested in mercury under 5 volts poten- 
tial and showed ten defects per 100 feet, 
which is relatively few for such an ex- 
tremely thin coating of insulation. The 

15 scraper value for Siis wire was much 
higher than that for similar wire coated 
with a varnish enamel coating of like 
thidkness. The coated wire showed an 
ebngation greater than 50 per cent when 

20 tested by the mandrel test described in 
example 1. It was also found possible to 
solder this wire without scraping the insu- 
lation therefrom, as is necessary with 
other types of enamelled wice. 

25 EXAMFLB 4. 

Substantially equimolecular proportions 
of decamethylene HmTnTTift aaid sebacic 
acid were heated together in a glass vessel 
at about 250*" C. with oxygen-ftee nitro- 

30 gen being bubbled through the mass to 
remove the water vapour formed. After 
about 16 hours heating the mass was found 
to have an intrinsic viscosity of about 0.5 
in cresol and after solidification was a 

35 white, miorociystalline solid melting 
sharply at about 195° C. This material, 
polydecamethylene sebacamide, was ap- 
plied in its . molten condition to No. 22 
AWG tinned copper wire by means of 

40 enamelling apparatus of the diaracter de- 
scribed in example 1. A 29 mil diameter 
die was employed to strip ofiP excess of the 
melted polyamide. The molten polyamide 
in the apparatus was maiatained in a 

45 dosed reservoir under nitrogen at 250" C. 
— ^260° C. The coating of the polyamide 
of approximately 2 mils thicfoess was 
aUowed to solidify in air on the wire, 
which was then coiled up. The wire was 

50 subsequently subjected to a temperature 
of about 450* C. in air for about one 
minute while it was maintained in a 
vertical position. The coating was con- 
verted by this treatment into a substan- 

65 tiaJly infusible, insoluble, crystalline, 
brownish film. The wire so treated was 
tested in comparison witii a like portion 
of the untreated wire by ageiog in an oven 
at 130' C. for 24 hours. The untreated 

60 wire become excessively brittle losing 
adhesion to the conductor even upon slight 
bending, whereas the heat-oxygen treS.ted 
coating adhered tenaciously to the wire 
evBB though it was bent around a mandrel 

65 of its Ofwn diaineter. The toughness and 



abrasion resistance of the coating were also 
extremely good. 

Example 5. 
Sebacic acid and ethylene diamine were 
reacted in alcohol solution until a neutral 70 
reaction was obtained with bromo-thymol- 
blue, the ]purified salt resulting from the 
re6bCtion being heated at about 250** C. in 
a stream of inert oxygen-free gas until the 
intrinsic viscosity in cresol was approxi- 75 
mately 0.3. The jwlyethylene sebacamide 
so formed was a hard, brittle micro- 
crystalline solid melting at about 260° C. 
A solution of 10 grams of this material in 
50 cc. of cresol was employed to form a 80 
film about 0.5 mil thick on copper foil, the 
film being heated in air at about 300° C. 
for about one minute. A dark red, flexible, 
tough, adherent, infusible crystalline 
coating was obtained. A sample of the 85 
coated material was tested by immersion 
in water at room temperature for adhesion 
and solubility. Immersion for over 3 
weeks caused no significant change in 
properties. 90 

"BhTAMPT.Ta 6. 

Omega-amino undecanoic acid was con- 
verted into a polyamide by heating it at a 
temperature of about 250° C. for 14 hours 
in a stream of hydrogen gas. The average 95 
molecular weight of the polyamide at this 
stage was suficiently high to permit it to 
be cold drawn into strong oriented fibres. 
In this case, however, a film of the poly- 
amide was formed on a steel plate by 100 
spreading the molten polyamide to a thick- 
ness of approximately 2 mils and heating 
it in air to about 250° C. for sevewd 
minutes. A very tough, insoluble, in- 
fusible, adherent crystaSine, coating was 105 
obtained having good deotrioal insmatmg 
properties. 

Example 7. 
A polyamide was formed hj reacting at 
about 250° C. 7.2 grams of NJJi dimethyl 110 
hexamethylene diamine with 7.3 grams of 
adipic acid in a stream of hydrogen gas 
for 3 days. The poly dimethyl hexa- 
methylene adipamide so obtained was a 
sticky, viscous hquid having a molecular 116 
weight snffidently great to cause the poly- 
amide to have an intrinsic viscosity in m- 
cresol of considerably over 0.3. A solution 
of 5 grams of the polyamide in 50 cc. of 
chloroform was employed to form on a 120 
copper foil a thin film 0.5 mil thick. The 
film was heated in air at a temperature 
betvreen 250° C. and 350° C. for 2 
minutes. A rubber-like, infusible, tough, 
substantially non-crystalline film which 125 
adhered strongly to the metal foil was 
formed. When tested in chloroform the 
film proved to be insoluble. 

"RYATVrPT.F. 8. * 

Poly IT»N^ dimethyl hezamethyiene ISO 
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adipamiie as prepared in the preceding 
example was dissolved in chloroform to 
form a 10 per cent solution by weight; A 
length of No. 22 AWG copper we insni- 

o }ated with two servings of cotton yarn was 
impregnated with said solution. The im- 
pregnated wire was dried at 60'' C. and 
subjected to a temperature of 130° C. for 
10 minutes in air.. The wire showed im- 

JO proved insulation resistance and abrasion 
resistance as compared with the untreated 
wire. A portion of the wire was tested 
for biiming and proved considerably more 
0ame resistant than the unimpregnated 

15 wire. 

EXA^IPIiE 9. 
One mol of sebacic acid, 0.5 mol of 
propylene diamine, ondl 0.55 mol pf 
ett^lene glycol were reacted at about 260** 

20 C. for 22 hours in a stream of inert oxygen- 
free gas. The polyesterpolyamide so ob- 
tained was hard and tough, and was cap- 
able of being draim into .strong oriented 
fibres, its intrinsio viscosity in cresol being 

^ in the nieghbourhood of 0.4. Of the sum 
of the ester and amide linkages in the 
linear molecules in this polyester-pply- 
amide approximately 50 per " cent were 
amide linkages. A solution of this polymer 

39 was prepared by dissolving 20 grams of 
this .substance in about 100 cc. of cresol 
and dilating to about 14 per cent solids 
with more cresol. The resulting solution 
was applied to No, .31 AWG copper wire 

.35 in a continuous maimer by means of the 
apparatus described in example 1. A 
^eed of 25 feet per minute of tlie wire 
and an oven temperattu« of .320"* C. were 
ismployed, air being supplied to the oven 

4X\ at the rate of about 6 cubic feet per hour. 
The resulting crystalline coating was 0.4 
mil thick and was tough, flexible, abra- 
sion resistant and of good adherence. The 
wire coated with this material could, be 

45 bent around a mandrel of the diameter of 
the wire without cracking, indicating that 
the coating had an elongation greater than 
50 per cent. It retained this elongation 
even on prolonged heating in the neia;h- 

50 bourhood of lOO'' C. 

As indicated by the above examples, the 
polyamlde may be formed into a coating, 
either from a solution or from the molten 
state. When initiis^lly subjected to tlie 
. 55 heat the polyamide may be in the liquid 
state or it may be in the solid state and 
be liquified by the heat, so that in either 
case the liquid state desirable for efficient 
heatroxygen treatment is present. In any 

60 case where it is desired to convert the 
entaze polyamide coating into an infusible, 
insoluble ix^ass by exposure to heat and 
gaseous oxygen, caie should be taken that 
the thickness of the polyamide is not too 
great to prevent penetration of the psygen 



to the innermost portions of the poly- 
amide. 

In the present invention, driers such as 
cobalt resinatCj lead liiioleate or cobalt 
naphthenate niay be added to the poly- 70 
amide or to the solution of the polyamide 
to accelerate the heat-oxygen treatment. 

As has been indicated by example 9, 
the invention may be employed not only 
in connection with polymers the molecules 75 
of which contain in the chain only amide 
linkages between the repeating units, but 
also in connection ^vith polymers the mole- 
cules of which contain in the chain other 
kinds of linkages besides amide linages. 80 
At least 50 per cent of the molecular chain 
linkages, however, should be amide Unc- 
ages in order that the cross-linking in the 
vicinity of the amide linkages which pro- 
vide the desirable properties of the mate- 85 
rials in the present invention may occur. 
The number and kind of linkages other 
than the amide linkages in the molecules 
should be such that they do not cause 
harmful degradation or decomposition of 90 
the polymer on being subjected to the heat- 
oxygen treatment. In the appended 
claims the term " polyanu'de " is intended 
to inchide, besides pol3nnaers containing 
only amide linkages, polymers containing 95 
other linlcages &sides amide linkages, 
provided that at least 50% of the mole- 
cular chain lii^ages are amide linkages. 

Having now particularly described and 
ascertained the nature of our said inven- 100 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

1. An electrical conductor having an 
insulating coating that is tough, flexible 105 
and substantially infusible and consists 

of a linear polynmide of intrinsic viscosity 
at le^t 0.1 that has been heated in the 
presence of oxygen to a temperature above 
its melting point and lying between 125° 110 
G. and 450° C. {preferably between 2.50" 
C. and 450° C.) for a time sufficient to 
change its colour at least to a pronounced 
yellow but not sufficient to change its 
colour deeper than a reddish brown. 115 

2. A process of treating an electrical 
conductor which comprises coatii^ the 
said conductor with a linear polyamide of 
such molecular weight that its intrinsic 
viscosity is at least 0.1 and afterwards 120 
heating the coated conductor to a tem- 
perature between 125° C. and 450° C. in 
the presence of oxygen for a time suffi- 
cient to change the colour of the poly- 
amide at least to a pronounced yellow but 125 
not sufficient to cliange its colour deeper 
than a reddish brown and thereby con- 
verting the polyamide into a tough, 
flexible substantially infusible material. 

3. A process of costing az) electrical 1^0 
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couductor Tvith insulating material whidh 
compriBes covering the said conductor 
with a thin coating of a liquefied linear 
polyamide of such molecular weight that 

5 its intrinaic viscosity is at least 0.1 and 
immediately thereafter passing the coated 
conductor through an oven in which it is 
heated in air to a temperature between 
126° C. and 460° C, the time of passage 

10 being sufficient to change the colour of the 
said coating to a pronounced yellow but 
not sufficient to change its colour deeper 
than a reddish brown thereby converting 
l^e polyamide into a tougjh, flexible, sub- 

16 stantially infasible material. 

4. Process as claimed in Claim 2 or 3 
in which the linear polyamide wii^ which 
the conductor is originally coated is a 
crystalline solid at room temperature aad 

20 the coated conductor is heated to a tem- 
perature betwen 260'' C. and 460° C. 

5. Process as claimed in Claim 4 in 



which the said temperature is between 
326° C. and 460° a 

6. Process as claimed in Claim 3 in 25 
which the polyamide is brought into the 
liquid state by dissolving it in a solvent. 

7. Process as claimed in Claim 3 in 
which the polyamide is brought into the 
liquid state by heating it to above its 30 
melting point. 

8. The respective processes of treating 
an electrical conductor described in the 
examples 1 to 9. 

9. An electrical conductor coated by 35 
any of tlxe processes claimed in Claim 8. 

Dated this 27th day of March, AJ>. 
1942. 

ERNEST E. TOWLER, 
Chartered Patent Agent, 
Agent for the Applicants, 
Connanght House, 
63, Aldwyoh, London, W.Ci2. 
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